Purpose: The present study was performed to assess elasticity changes in the ocular and periocular structures of patients with primary open angle glaucoma (POAG) via sonoelastography.
G laucoma is a multifactorial chronic optic neuropathy characterized by a progressive loss in retinal ganglion cells and axons. In glaucoma patients, thinning of the retinal nerve fiber and changing in the optic nerve endings are observed. Ganglion cell damage predominantly takes place in the axons at the lamina cribrosa level (1) (2) (3) (4) . Changes in the optic disk are characterized by glaucoma(or characteristics of glaucoma), such as increased cup/disk ratio, bleeding or bisected disc and it cannot be easily differentiated by the naked eye (5, 7) .
Sonoelastography is an advanced technique that measures elasticity of a tissue using sound waves processed by a software program. This technique has proved to contribute to the successful differentiation of malign(malignant) and benign lesions in numerous studies on breast, thyroid and prostate tissues, as malign(malignant) tissues have a harder texture (8, 9) . There is a limited number of studies in the field of ophthalmology. It is suggested in the literature that there may be changes in the elasticity of the ocular and periocular structures in diabetic patients following panretinal photocoagulation and in ocular structures in highly myopic patients (10, 11) . In a study on a group of patients who have lost their visions due to glaucoma, the retrobulber fat tissue strain value was significantly higher than the respective value for the optic nerve (12) . In our study, we analyzed the contribution of sonoelastography in foreseeing the prognosis of the disease and patientfollow-up by identifying the potential changes in the elasticity of retina-choroid-sclera complex (RCSC), optic nerve (ON), retrobulber fat tissue (RF) and lens (L) in primary open angle glaucoma (POAG) patients without visual impairments.
Materials and methods

Patients
Forty three POAG patients (19 males, 24 females; mean age 63.2, ranging from 45 to 80) treated in the ophthalmology department of Baskent University hospital were included in the study. Twenty eight patients (11 females, 17 males and mean age 63.5, ranging from 40 to 85) who were found to have no additional ophthalmologic or systemic disease other than refractive errors (<-6 D myopia or <+3 D hyperopia) in the ophthalmologic examination were selected for the control group. The project was approved by Baskent University Ethics Committee (Project number: KA15/359) and informed consents were received from all patients.
B-mode Sonography and Sonoelastography
B-mode sonography and sonoelastography were performed in a single (right) eye with standard ophthalmologic assessment. Sonoelastography measurements were read by an experienced observer. The participants were examined in the supine position. All images were obtained via sonography equipment (Arietta V70, Hitachi-Aloka Medical, Japan) with 7-13 MHz high-resolution probe. Following B-mode sonography, strain elastography method was used for the assessment of RF, ON, L and RCSC elasticity. The US probe was placed in contact with the eyelid, and rhythmic, small compressions were applied manually by the operator. Sonoelastography was displayed via a color-coded image in a selected rectangular area superimposed over the B-mode US image obtained simultaneously. A compression was performed by creating sinusoidal waves to identify the response of the tissue to the compression where the whole site is observed in color. Strain ratios of two tissues observed of similar depth were measured in percentage. Elasticity ratios of eye structures against each other were measured by using the region of interest (ROI). The elasticity image was displayed with color mapping for each pixel according to the degree of strain with the ROI. On the color scale, red color represented the softest component, while green and blue color represented the intermediate and hardest components, respectively (Figure 1 and 2 ). Measurements were recorded in a transverse section through the equator of the eyeball. The ON was identified and used as a landmark for the imaging of ocular and orbital structures, including the RF and posterior RCSC. The L was used as a landmark for comparing the elasticity of the anterior RCSC. It was used for ratio analysis, including anterior RCSC in the sonoelastography screen. Strain elastography ratios for both groups were measured: ON/RF, optic nerve to RCSC on the right of the optic nerve (ON/RCSC1), optic nerve to RCSC 
Statistical analysis
For discrete and continuous variables, descriptive statistics (mean, standard deviation, median, minimum value, maximum value, and percentile) were given. In addition, the homogeneity of the variances, which is one of the prerequisites of parametric tests, was checked through Levene's test. The assumption of normality was tested via the Shapiro-Wilk test. To compare the differences between the two groups, the Student's t test was used when the parametric test prerequisites were fulfilled, and the Mann Whitney-U test was used when such prerequisites were not fulfilled. The data were evaluated via SPPS 20 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). p<0.05 and p<0.01 were taken as significance levels.
Results
The tests applied to both groups and their results are presented in Table 1 
Discussion
In our study, we used the strain ratio elastography method to foresee the certain potential elasticity changes in the ocular and periocular structures in the early phases of POAG. Strain ratio elastography is a semi-quantitative method that reveals the hardness of a tissue by comparing the difference between the compliances of target area A and target area B. In strain elastography, a single tissue is chosen as the reference point. The difference between strain values of tissues that are assumed to be diseased is calculated according to the reference tissue (8) (9) (10) (11) (12) (13) . Optic nerve/retrobulbar fat tissue (ON/RF), optic nerve/choroid-sclera complex (ON/RCSC1) to the right of the optic nerve, retina-optic nerve/ retina-choroid sclera complex (ON/RCSC2) to the left of the optic nerve, ratio of retina-choroid-sclera complexes (RCSC1/RCSC2) on both sides of the optic nerve, lens/ anterior retina-choroid-sclera complex (L/RCSC3)
Pekel et al. 's study (10) on diabetic patients with retinopathy using strain ratio elastography method suggests that panretinal photocoagulation decreases RCSC elasticity. Another sonoelastography study by Pekel et al. on high myopia patients, high myopia was found to be related with more elastic posterior vitreous. The elasticity of the posterior RCSC increases as the axial length is increased (11) .
Among studies using the strain ratio elastography method, the study by Vural et al. on 14 patients have found that RF and ON strain ratios were different in the patient group with sight impairment due to glaucoma compared to the control group (12) . In their study, Detorakis et al. have assessed 5 patients who have gone blind in a single eye for various reasons (2 optic neuropathy, 2 absolute glaucoma, 1 retinal detachment). In this study, the posterior vitreous displayed a low level of elasticity while the anterior vitreous displayed an intermediate level of elasticity, whereas the medial and lateral rectus muscle elasticity was higher in primary position compared to the adduction or abduction positions (13) . Meanwhile in our study, a larger patient population under glaucoma treatment without a loss of vision due to glaucoma has been compared with a control group of similar age group with no other chronic disease apart from refractive errors. Measurements were taken in ON, RF, RCSC and L areas of the eye. Our results contradict with findings of the above mentioned studies, as we did not detect a significant difference between elasticity measurements of ocular and periocular structures. In our opinion, the most likely reason for this result is that sonoelastographic assessment based on current technology fails to detect changes in elasticity in the different areas of a small organ like the eye and the spatial resolution may not be sufficient. Another reason could be that there is no difference in elasticity in early phases of the disease. Further studies will contribute to a better understanding of our findings in this field.
Our study has had its limitations, the first one was the lack of interobserver and intraobserver variability analysis and the second one was the use of semi-quantitative measurement as opposed to the quantitative.
Conclusion
In the present study, no difference was detected between elasticity levels of ocular and periocular structures in POAG patients.
